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ABSTRACT 
The work reported in this thesis is divided into five chapters. 
The first chapter deals with the general introduction on ion 
exchange. A critical review of studies on inorganic ion 
exchangers has been given based on the literature survey 
consulated through available journals and chemical abstracts. 
The importance of inorganic ion exchangers has been 
emphasized the first synthetic inorganic ion exchanger which 
has been studied in detail in zirconium phosphate. A number 
of similar substances may be prepared by combining oxides of 
groups i n and IV with the more acidic oxides of groups V and 
VI of the periodic table. The structure of these inorganic ion 
exchangers in stiff. Therefore, they are more selective and 
suitable for the separation of ions on the basis of their 
different sizes. The related earlier work on synthetic inorganic 
ion exchangers and chelating ion exchange resins have been 
summarized in table l . l . certain fundamental points of 
importance are mentioned. 
The second chapter deals with "Synthesis, 
Character izat ion and Analytical Application of 
Stannic(IV)iodotungstate" : A New Cation Exchanger. 
The new three component inorganic ion exchanger 
Stannic(IV)iodotungstate has been done under a variety of 
conditions. Various samples of exchanger have been 
synthesized under varying conditions at pH~l . Among the 
various samples synthesized sample-4 is chosen for detailed 
study owing to its highest ion exchange capacity and highest 
chemical stability. 
The most stable sample is prepared by mixing 0.1 molL"' 
Stannic(IV) chloride penta hydrate. 0.1 mol L'' potassium 
iodate, 0.1 mol L"' sodium tungstate solutions in the volume 
ratio 1:2:2 with continuous stirring. The ion exchange capacity 
of the product for Na^ is 0.55meq/gm dry exchanger. 
The material has been characterized on the basis of 
chemical composition, pH-titration, FTIR, TGA and X-ray 
analysis. 
The adsorption behaviour of metal ions has been studied 
on the basis of Kd values, Few analytically important 
separations of metal ion have been achieved on small columns 
of Stannic(IV) iodotungstate. 
The third chapter deals with the Synthesis and 
Character izat ion of Stannic(IV)iodoarsenate and its use as 
an electron exchanger. The present work describes the 
preparation of a new electron exchanger. Stannic(IV) 
iodoarsenate and its electron exchange behaviour. 
The stannic(IV)iodoarsenate was synthesized by adding a 
mixture of O.IM potassium iodate and O.IM disodium 
hydrogen arsenate to O.IM stannic chloride in 2:1:1 volume 
ratio with continuously stirred to obtain a perfect precipitate. 
The ion exchange capacity of the product for Na"" is 1.64meq/g 
dry exchanger. 
The material has been characterized on the basis of 
chemical composition pH titration, FTIR, TGA and X-ray 
analysis. 
Stannic(IV)iodoarsenate has a remarkable oxidizing 
property. The electron exchange phenomenon depends on the 
oxidation potentials of the various redox couples and only 
reductants are oxidised by the exchanger. The exchanger has 
been utilized for oxidation of Fe(II), Sb(IIl), CsHgO^ and N2H4 
have been quantitatively achieved by their oxidation on the 
columns of stannic(lV)iodoarsenate. 
The fourth entitled "Synthesis, Charac ter iza t ion and 
ion exchange propert ies of Stannic(IV)iodosil icate" : A 
New Cation Exchanger. Deals with the preparation of new 
cation exchanger. Stannic(IV)iodosilicate three component 
inorganic ion exchanger. It has synthesized under varying 
conditions at pH~l. Among the various samples Sample-
(SnIAs-4) has been chosen for detailed study. Sample(SnIAs-
4) is prepared by mixing O.IM Potassium iodate and O.IM 
sodium meta silicate to O.IM Stannic(IV)chloride solution in 
2:1:1 volume ratios with continuous stirred to obtain a 
precipitate. The ion exchange capacity of the product for Na^ 
is 1.45meq/g. It is highly stable in water and appreciable 
concentrations of H2SO4, HNO3 and HCl but it is dissolved in 
4M NaOH solution. X-ray diffraction pattern of 
Stannic(IV)iodosilicate in H"^  form reveals the fact that the 
exchanger is amorphous. Important separations of metal ion 
were achieved on the columns of Stannic(IV)iodosilicate. 
The distribution coefficient values shows that the 
exchanger to be specific for Cu^^ and Cd "^^ . The Kd values are 
in order of Cu^^> Cd^^> Ni^^> Sr^^> Pb^^> Ba^^> Ca^^> Mg^% 
Zn > at pH-3 and some quantitative separations were 
achieved on a column of Stannic(IV)iodosilicate. 
The fifth chapter deals with "Synthesis and ion 
exchange behaviour of Stannic(IV)iodate". In the chapter 
synthesis, chemical composition, chemical and thermal 
stabilities and ion exchange properties of stannic(IV)iodate. 
The material shows high exchange capacity and is more stable 
at high temperature than other stannic based ion exchanger. 
The most stable sample is prepared by mixing O.IM 
Stannic(IV)chloride penta hydrate into potassium iodate 
solution in the volume ratio 2:1 with continuous shaking. The 
ion exchange capacity of the product for Na^ is 1.22meq/g dry 
exchanger. 
The distribution coefficients of some metal ions have 
been determined on stannic(IV)iodate: cation exchanger. 
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Chapter -1 
Introduction 
INTRODUCTION 
Ion-exchange has come to be recognised as an extremely 
valuable technique. Ion-exchange had a great impact on 
analytical chemistry. Ion-exchange is one of the most versatile 
techniques of separation science. This technique can be 
applied to both micro as well as macro analysis and may serve 
even for the routine analysis. At present it is a standard 
analytical tool and is widely used in organic, inorganic and 
biochemical separations. The importance of analytical 
chemistry in related scientific areas can be illustrated by 
considering its impact on clinical analysis, in pharmaceutical 
research and quality control and in environmental analysis. 
The use of ion exchangers on large scale may provide 
pure water and may be useful for the concentration and 
extraction of important metals and raw materials. Analytical 
chemistry, like other areas of chemistry and of all sciences, 
has gone through a period of rapid growth and change. At 
present, new areas such as chemical physics, biophysics and 
molecular biology are rapidly developing. Many advances in 
these areas were made possible by analytical results. 
The ion exchange phenomenon was recognized by two 
agriculture chemists Thompson [1] and way [2-3] in the soil 
by the name of base exchange who reported that when a soil 
was treated with either ammonium sulphate or ammonium 
carbonate, most of the ammonia is adsorbed and calcium 
released. The process could be formulated as follows. 
Ca^^-Soil + (NH4)2 SO4 "^ - NH%-Soil + CaS04 (1.1) 
The phenomenon of base exchange was systematically 
studied to be reversible and to involve equivalent quantities of 
the base taken up and of that released, nevertheless, it was 
recognized as the important phenomenon to soil fertility it 
was established by Eichorn [4] that zeolites were responsible 
for this exchange in soil. According to Lemberg [5-6] and 
Weigner [7] the materials responsible for this phenomenon 
were mainly zeolites, clays, gluconites and humic acid. 
Ion exchange is one of the most important analytical 
technique used for the separation of ionic species In a true 
ion exchange process the exchange of ions take place. 
Stoichiometrically between the stationary and mobile phases. 
A typical ion exchange reaction may be represented as 
follows; 
R-A + B(aq) = R-B + A (aq) (1.2) 
Where A and B are the replaceble ions, R is the structural 
(matrix) of the ion exchange, (aq) stands of the aqueous 
phase. The ion exchange process is reversible i.e. it can be 
revered by suitably changing the concentration of the ions in 
the solution. The process is, in many respects, analogous to 
the adsorption process but is not exactly the same. 
A scientific study of this process however, made only in 
the middle of the last century when different soil samples were 
investigated and the ion exchange properties of zeolites were 
explored [8-9] synthesized the first aluminosilicate based ion 
exchangers in 1903, while Follin and Bell [10] first applied a 
synthetic zeolite for the collection and separation of ammonia 
from urine in 1917. 
A search for stable ion exchanger was started to 
overcome the limitations possessed by zeolites and clays. In 
1931 KuUgren found that copper was taken up by Sulfite, 
cellulose when the was used as ion exchangers for the 
determination of copper from water by Kullgren [11]. An 
interesting discovery began in 1935 when Adams and Holmes, 
[12] found that crushed phonograph records exhibit ion 
exchange properties they synthesized cation and anion organic 
ion exchangers from phenol and formaldehyde followed by 
synthesis of resin from polystyrene by D' Alcelio [13]. These 
organic exchangers exhibited improved properties over the 
formerly known ion exchange materials. These resins consists 
of three dimensional network of polymeric chains cross linked 
with short chains containing ionizable functional groups. 
These resins have higher ion exchange capacity, chemical 
stability, and provide reproducible response. Organic ion 
exchangers may be cationic, anionic or amphoteric. Organic 
exchangers are generally referred as 'resins'. These resins have 
been used in laboratories and industries for separations, metal 
recovery and water purification. However, these organic 
exchangers also suffer from certain limitations. They are 
unstable in aqueous system at high temperatures in presence of 
ionizing radiations. 
This led to a revived interest in inorganic ion exchangers 
Inorganic ion exchangers of some selected kind are unaffected 
by ionizing radiations and considerably temperature resistant. 
This makes them suitable for use in reactor technology. Their 
rigid structure makes them more suitable for separation of ions 
on the basis of different pore sizes. They can also be used as 
ionic or molecular sieves. High selectivity and temperature 
resistance give them an advantage for use as ion exchange 
membranes. The advent of nuclear technology initiated a 
search for ion exchange materials that would remain stable at 
high temperatures and in high radiation fields. Inorganic ion 
exchangers of some selected type possess these properties and 
hence have good application in the treatment of industrial and 
radioactive waste, and processing of radioisotopes in nuclear 
technology. Further researchers shown their application in 
determination and separation of metal ions under ordinary 
conditions also. They have been found useful in the 
preparation of ion selective electrodes and as packing material 
in the chromatography. Analysis of rocks, minerals, alloys and 
pharmaceutical products have been done using these materials. 
Systematic and fundamental studies on inorganic ion 
exchanger materials originated in 1943 with discovery of 
zirconium phosphate[141 and its application to the separation 
uranium and plutorium from fission products. Zirconium 
products is perhaps the most studied synthetic inorganic ion 
exchanger. It has also been reported to be useful as adsorbent 
in the portable kidney device [15]. 
Zirconium phosphate is a most extensively studied 
material in this family and a large number of research papers 
have been published on it. [16-20] 
A literature survey shows that inorganic ion exchangers 
have become an established class of materials of great 
analytical importance. Several monographs and reviews 
published in this field have summarized the advances taken 
place from time to time. Most important of which are 
Amphlett [21-22], Fuller [23], Marinsky [24], Quereshi et al 
[25-26], Varshney et al [27-30], Clearfield et al [31-32], Abe 
et al [33], Alberti et al [34], Ivanov et al [35], Terres -Rojas 
et al [36] and Szirtes [37]. 
The theories involved in zeolite molecular sieves by 
Dyer [38-39] which have direct relevance to the principle 
underlying the inorganic ion exchangers. Synthesis and 
applications of inorganic-ion exchangers have been reviewed 
by Walton [40-43]. recently development of ion exchange 
resins with their applications have been reviewed by several 
researchers. [44-47]. A historical prospective of ion-exchange 
technology has been given by Kunin [48]. The inorganic ion 
exchanger developed till 1972 are reviewed by Vesely and 
Pekarek [49-50]. 
Some of the important exchangers have been summarised in 
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For a complete description of the material as an ion 
exchanger its physical characterization should be made on the 
basis of the following essentially required properties. 
1. Ion exchange capacity 
2. Resistance towards acids and bases 
3. Chemical composition, and 
4. Potentiometric studies 
Ion exchange capacity is one of the most fundamental 
properties for the characterization of an ion exchange 
material. 
It is given by the number of ionogenic groups per 
specified amount of the ion exchanger in H^ or CI' form. The 
characteristic constant thus obtained is called scientific weight 
capacity and is expressed in term of the milliequivalents per 
gram dry H"^  or CI" form exchanger. The capacities of strong 
cation exchangers are readily determined by direct methods. 
The equilibrium ion exchange capacity of a strong cation 
exchanger is determined by direct titration of the exchanger in 
H^ form with a strong base. This method is not reliable for the 
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determinations of ion exchange capacity of weak ion 
exchangers. In such cases the exchangers is first converted to 
H^ form, then the equilibrium ion exchange capacity is 
determined by pH-titration. 
The maximum ion exchange capacity equal to the number 
of ionogenic groups per specified amount of the ion exchanger 
may be determined by simple column operations. In this 
method the electrolyte solution is passed over the ion 
exchanger in H^ form at the slow rate and the liberated acid is 
titrated with a standard base solution. Other methods may also 
be used for the determination of ion exchange capacity of the 
solid ion exchanger. For example, a gravimetric method, 
which offers for many ion exchangers the advantage of 
relatively high accuracy with a very simple equipment. This 
method is based only on the difference in weighing without 
any chemical determination of ions. 
The ion exchange material must be studied for its 
resistance towards acids and bases to checks its limitations. 
The ion exchange materials may behave either as 
monofunctional or polyfunctional the behavior monofunctional 
or polyfunctional of ion exchangers can be determined by 
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potentiometric titrations. The shape of the titration curve 
indicates whether the exchanger is monofunctional or 
polyfunctional. Such curves for zirconium phosphate with 
alkaline earth metal hydroxides have been studied by Alberti 
et al [203]. They observed that the titration curves are strongly 
affected by hydrolysis of the exchanger and precipitation of 
insoluble phosphates. It is also observed that zirconium 
phosphate prepared either by the refluxing procedure or by 
direct precipitation procedure, exhibit similar X ray powder 
pattern but possess different ion exchange behavior. [204]. 
Ion exchange is considered as a reversible process in 
which cations or anions are exchanged stoichiometrically 
between the ion exchanger and solution phases. When they are 
placed in close contact with each other. When an ion 
exchanger in counter ion A from is placed in a solution of 
another counter ion B form them ion exchange process may be 
written as. 
A + B ^ ^ B + A 
Where the barred quantities refer to exchanger phase and 
unbarred to the solution phase. Depending upon the ability of 
material to exchange cation or anion. It is called either cation 
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exchanger or anion exchanger. A material capable of 
exchanging both cations and anions is termed as amphoteric 
ion exchanger. 
The selectively of an ion exchanger is affected by the 
nature of its functional group and by the degree of cross 
linking. If the degree of cross linking increases this enhances 
its selectively behavior towards ions of different sizes. 
An increase in cross linking also decreases the swelling 
property of material. Ion exchange containing weakly acidic 
and basic groups are highly selective towards hydrogen and 
hydroxyl ions. Ions exchangers containing groups, which are 
capable of complex formation with some particular ions, will 
sorb these ions strongly. 
When a solution containing some solute is brought into 
contact with solid, some of the solute is taken up by the solid. 
This phenomenon of uptake of solute by a solid is referred to 
as "sorption " In sorption the molecules are sorbed either by 
the inner frame work of the solid in contact with the solution 
or by its surface only. So when the solute is sorbed by the 
surface only the process is called "Adsorption" and when 
solute is sorbed by the solid to inner layer the process is 
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called "Absorption." Adsorption is a fundamental natural 
process. It is one of the most fascinating areas of chemistry. 
Since the molecules on the surface have an environment 
different from those in the bulk of the material, the surface 
energy is different from the energy of the bulk. Concentration 
of the molecules of a gas or liquid on the surface of the solid 
is termed as "adsorption." This process is different from 
absorption which results from penetration of one component 
throughout the body of another. 
The absorbed material is called as "adsorbate" and the 
underlying material is called "adsorbent." Adsorption is of 
utmost importance in the field of agriculture, industries and 
analytical chemistry. Adsorption of pollutants by soil, of dyes 
by wool and cotton and of impurities by insoluble precipitates 
are well known examples. 
Similarly adsorption indicators and adsorption 
chromatography are also well known is chemical analysis. 
Another important application of adsorption is in catalysis. A 
surface can catalyse numerous reactions depending upon the 
configuration of the adsorbed molecule and nature of the 
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absorbent. A study of adsorption phenomena helps us in 
understanding the process by means of molecular model. 
Adsorption is of two types (a) Physical and (b) 
Chemical. The physical absorption is called "Physiosorption" 
and chemical adsorption as "Chemisorption." In the former the 
molecules are absorbed on a solid surface by essentially the 
physical forces. In chemisorption, however, the molecule 
forms chemical bonds with the solid surface, in case of 
physical adsorption there is a vander waal 's interaction (for 
instance dispersion or polar interaction) between the surface 
and adsorbed molecule. These are weak types of interaction 
and the amount of energy released when a molecule is 
physiosorbed is of the order of 25 KJ mol"^ i.e. the enthalpy 
of condensation. The energy can be absorbed by the vibration 
of the lattice and is dissipated as heat. A molecule bouncing 
across the surface will loose. Its kinetic energy and stick to 
the surface resulting in the rise in temperature of the system it 
heat is evolved in chemisorption which is shortening of 
chemical adsorption the molecules stick to the surface bonds, 
usually covalent bonds and tend to find the site that increased 
their coordination number with the temperature. Thus the 
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energy of attachment is greater than in that of physical 
sorption. 
In addition to the materials so far, a number of other 
types of exchangers have been developed, e.g. "electron ion 
exhangers" and "redox ion exchangers". The electron ion 
exchangers are solid oxidation and reducing agents. They are, 
as a rule, resins with a cross linked hydrocarbon matrix. They 
contain the species such as quinone/hydroquinone, forming a 
redox couple with can be reversibly oxidixed or reduced. They 
can be regenerated by a suitable reducing (or oxidizing) agent 
after having been oxidized (or reduced) by a substrate. 
Redox ion exchangers are conventional ion exchange 
resins containing reversible oxidation-reduction couples such 
as Fe''" /^Fe^" ,^ Cu^"^/Cu or methylene blue etc. (205-206). These 
redox couples are held by the ion exchange resins.(eg. Dowex-
50, cation exchange resin) either as a counter ion or by 
sorption or complex formation. Duolite S-10 is a commercial 
ion exchanger. 
The behavior of redox ion exchangers and electron ion 
exchangers is similar to that of the solute oxidation-reduction 
couples. The redox potential of a couple is little affected by 
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incorporation of the couple into a resin (207-207). In its 
reduced form the redox ion exchanger can reduce the couples 
having a higher standard redox potential, whereas, in its 
oxidized form it can oxidize the couples having a lower redox 
potential. Standard redox potentials of some of the most 
common redox couples are given by Latimer (209). 
The redox ion exchangers possess some advantages over 
dissolved oxidizing or reducing agents. The most important 
advantage is their insolubility and hence they can be easily 
separated from the solution containing a substrate being 
oxidized or reduced. No contamination of the by these 
exchangers occur as only electrons and protons are transferred 
between the exchanger and solution phases. The only possible 
change in solution, except for the redox reaction of the 
substrate, is a change in pH. Another is that they can be easily 
regenerated after use by a suitable reducing or oxidizing 
agent. 
Redox ion exchangers and electron ion exchangers are 
characterized by their redox capacity, redox potential and rate 
of the reaction. The redox capacity is the amount of a 
substrate being oxidized or reduced by a specified amount of 
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the exchanger and is expressed in terms of the milliequivalents 
per gram of dry resin. The reaction rate determines the time 
required for the redox process under a given set of conditions. 
The standard redox potential indicates, which substrate can be 
reduced or oxidized. 
In the present work four new inorganic ion exchangers 
have been synthesized and their characterization has been 
made on the basis of following property. 
(i) The ion exchange capacity. 
(ii) The resistance towards acid and base. 
(iii) Chemical composition. 
(iv) Potentiometric studies 
(v) F.T.I.R. 
(vi) T.G.A. 
(vii) X-ray 
(viii) Analytical applications. 
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Chapter - 2 
Synthesis, 
Characterization and 
Analytical Application of 
Stannic(IV)iodotungstate: 
A New Cation Exchanger 
2.1 INTRODUCTION 
Synthesis of new inorganic ion-exchangers is always of 
interest. Since they are specific in nature and can solve diverse 
problems of analytical chemistry and bio-chemistry. Synthetic 
inorganic ion exchangers are undergoing rapid development [I] 
Tin (IV) ion exchangers have been prepared in these laboratories 
[2-6] and found to show very good ion-exchange properties some 
very important and difficult separation have been achieved [7]. 
Inorganic ion exchangers have received wide attention in the 
recent past due to their enhanced thermal stability and selectivity 
[8]. Various synthetic inorganic ion exchangers have been 
developed [9-10]. 
A study of literature reveals that the three component ion 
exchange materials possess an increased ion exchange capacity 
and selectivity as compared to that of two component materials. 
Therefore, we have decided to synthesize this material 
under varying conditions of mole ratio. The ion exchange 
property and thermal stability have been studied. This chapter 
summarises our findings on the synthesis and ion-exchange 
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behavior of Tin (IV)iodotungstate which possesses an acceptable 
exchange capacity and mechanical strength, enabling to be used 
in columns for metal ion separations. 
2.2 EXPERIMENTAL 
2.2.1 Reagents and Chemicals 
Stannic(IV)chloride (LOBA CHEMIE), Potassium iodate 
(E. Merck India) and Sodium tungstate (BDH). were used for the 
synthesis of ion exchanger materials. All other chemicals and 
reagents used were of analytical reagent grade. 
2.2.2 Apparatus 
Elico (India) LI-10 model pH meter was used for pH 
measurement. Spectrophotometry was done on a Bausch and 
Lomb-Spectronic-20 spectrophotometer. IR study was made 
using an FTIR Nicolet 50 X model. Thermal analyzer and X-ray 
diffractometer were used for thermogram and X-ray analysis 
respectively. 
2.2.3 Synthesis of the ion exchange material 
The material was synthesized by adding a mixture of O.IM. 
potassium iodate and O.IM sodium tungstate to O.IM stannic 
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chloride solution with continuous stirring to obtain a gel. The 
desired pH was adjusted by adding dilute HCl or NaOH solution. 
The gel so formed was allowed to settle down for 24 hours at 
room temperature, washed several times with distilled water to 
remove excess reagents and finally filtered under suction. The 
gel was dried at 40±1*^C in an oven. The dried material was then 
treated with distilled water to break down into small particles. 
The material was converted in H" form by treating with 1.0 M 
HNO3 solution for 24 hours. It was then washed with distilled 
water to remove excess acid and finally dried at room 
temperature. 
2.2.4 Ion exchange capacity (lEC) 
The ion-exchange capacity of the material was determined 
by the column process. A 0.50 gram exchanger in H^ form was 
packed into column with glass wool support. It was washed with 
distilled water to remove any excess of acid remained sticking to 
the particles. To elute H^ ions, 250.0 ml of l.OM solution of 
different uni and bivalent cations were passed through the 
column maintaining the flow rate of 8 - 9. drops/min. The 
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amount of H"" ion liberated so was determined titrimetrically 
using NaOH as titrant. 
2.2.5 pH titration 
The pH titration of the exchange material was carried out 
by the added salt method of Topp and Pepper [11]. In which 
0.50g exchanger in H* form was equilibrated with 50ml of 0.10 
molL"' (NaCl-NaOH) solution for 24 hours. The pH of each 
solution was measured and plotted against the milliequivalants of 
OH" ions. 
2.2.6 Chemical Analysis 
For the determination of chemical composition of the 
sample SnIW-4, O.lOgm of the exchanger material was dissolved 
in hot concentrated HCl. The excess of hydrochloric acid was 
evaporated and the solution was diluted to lOOml with 
demineralized water. Tin and iodate were determined 
spectrophotometrically using 8-hudroxyquinoline [12] and 
Pyrogallol [13] as colouring reagents, respectively. Tungsten 
content was determined by gravimetric analysis [14]. 
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2.2.7 Chemical Stability 
A 0.5 gram of exchanger material (SnIW-4) was 
equilibrated with 50ml of different acid solutions at room 
temperature for 24 h with occasional shaking. Stannic and iodate 
released in the solution were determined by using the method 
described earlier [12-13] where as tungstate was determined 
spectrophotometrically using thiocyanate [15], as coloring 
reagents. 
2.2.8 Thermal Treatment 
For thermal stability l.Og of samples of the exchanger were 
heated for Ih each at various temperature in a muffle furnance 
and the Na^ lEC was determined as usual by the column process. 
2.2.9 Infra-red Analysis 
Infrared analysis of Stannic(IV)iodotungstate was 
performed at room temperature using KBr technique. 
2.2.10 Distribution coefficient 
For studying the distribution coefficient of some metal ions 
250mg of the exchanger beads in the H^ form was equilibrated 
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with 25ml of the solution whose metal ion concentration was 
adjusted to 3% of the total ion exchange capacity of the material. 
After equilibrating at 25 + 1°C for 6 h with occasional 
shaking, the solution were then withdrawn and titrated against 
standard EDTA solution [16]. The results are summarized in 
table -5.The distribution coefficient values are calculated using 
the relation, 
I -F V 
Kd = —^x-{mllg) 
F A^ 
where, 
I = Initial amount of the metal ion in the solution phase. 
F= Final amount of the metal ion in the solution phase. 
V= Volume of the solution in ml 
A= Amount of the exchanger (gm) 
2.2.11 Separation of metal ions 
Quantitative separation of metal ions was achieved on a 
glass column (height 50 cm, i d . 0.6cm) packed with 2gm (50-
100 mesh) exchanger in H^ from. A metal ion mixture was 
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transferred into the exchanger column and the flow rate was 
maintained Iml/min throughout the elution process. 
2.3 Results and Discussion 
The condition of preparation and the ion exchange 
capacities of different samples of the material are summarized in 
Table-2.1. Sample no. 4 (SnIW-4), shows the highest capacity 
therefore other studies were made on this sample. Sample (SnlW-
4) obtained in the highest yield as compared to all the other 
samples. Ion exchange capacity of (SnIW-4) for different uni and 
bivalent cations are given in Table-2.2. The results show that the 
ion exchange capacity increases with decrease in hydrated ionic 
radii of the ingoing metal ions. This is in good agreement with 
the finding by F.C. Nachod and W. Wood [17]. Who investigated 
the exchange of alkali and alkaline earth metal ions on Zeolite. 
It appears from Table-2.3 that exchanger is quite stable in 
moderate concentration of H2SO4. HNO3, HCl, and C2H5OH, IM 
CH3COOH therefore it can be used successfully in column 
operation and other chromatographic methods in these acids and 
neutral media. However, the exchanger is not stable in IM NaOH 
hence cannot be used in basic media. Fig. 2.1 shows the pH 
titration curves its showing mono-functional behavior of the 
exchanger. 
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Table -2.2 Ion exchange capacity (meq/g) of Stannic(IV)iodo 
tungstate for various cations. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
Cations 
Lr 
Na^ 
K" 
Mg^^ 
Ca^^ 
Sr^^ 
Hydrated ionic 
radius (A) 
10.0 
7.90 
5.30 
10.80 
9.60 
9.40 
Exchange capacity 
(meq/g) 
0.52 
0.55 
0.76 
0.68 
0.78 
0.42 
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Table -2.3 Chemical stability of Stannic(IV)iodotungstate in 
different solutions at 30 C. 
Solution 
DMW 
IM H2SO4 
2M H2SO4 
IM HCl 
2M HCl 
IHNO3 
IM CH3COOH 
IM C2H5OH 
IM NaOH 
Amoun t r e l eased mg for 
Sn re leased 
0.00 
0.39 
0.82 
2.52 
5.46 
6.42 
0.00 
0.00 
Complete 
dissolved 
l O s ' r e leased 
0.00 
8.20 
16.32 
8.40 
18.65 
0.65 
0.00 
0.00 
50ml"' 
WO4 re leased 
0.00 
3.41 
7.80 
9.4 
16.20 
0.00 
0.00 
0.00 
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Table -2 .4 Effect of d ry ing t e m p e r a t u r e on ion exchange 
capac i ty of S tannic( IV)iodotungsta te . 
Tempera tu re "C 
60 
100 
200 
300 
400 
500 
Ion exchange capacity (meq/g) 
0.55 
0.52 
0.48 
0.35 
0.24 
0.10 
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Table -2.5 pH titration of Stannic(IV)iodotungstate. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Volume of O.IM 
NaCl (ml) 
50.00 
45.00 
40.00 
35.00 
30.00 
25.00 
20.00 
15.00 
10.00 
5 00 
0 00 
Volume of O.IM 
NaOH (ml) 
0.00 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
pH value 
2.1 
6.2 
8.0 
9.8 
10.2 
10.4 
10 7 
10 7 
10 8 
10.8 
10 8 
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Table-2 .6 Dis t r ibut ion coefficients of some metals ion on 
Stannic( IV) iodotungs ta te in H^ from in different solvent 
sys tem. 
Metals ion 
Mg^^ 
Ca^^ 
Ba'^ 
Zn'^ 
Hg^* 
Fe^^ 
Cd'' 
Pb'" 
Cu^^ 
Mn'^ 
Ni^^ 
DMW 
28.88 
70.20 
92.50 
78.37 
160.22 
31.00 
340.52 
140.52 
30.52 
28.88 
9.50 
O.IM NH4CI 
12.40 
25.00 
30.00 
53.40 
103.50 
14.56 
325.20 
10.20 
15.29 
2.40 
0 
10% DMSO 
0 
10.50 
47.63 
10.25 
325.65 
9.72 
0 
21.3 
0.00 
-
56.74 
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Table -2.7 Quantitative separations of metal ions on column 
of Stannic(IV)iodotungstate in H^ from 
S.No. 
1) 
2) 
3) 
4) 
Separation 
achieved 
Mn'^ 
Zn^ ^ 
Cd'^ 
Mg^ ^ 
Pb'^ 
Mn'^ 
Hg^ ^ 
Ni^ ^ 
Amount 
loaded 
236 
274 
382 
119 
932 
236 
842 
281 
Amount 
found 
232 
271 
379 
115 
920 
231 
840 
274 
% 
recovery 
98.30 
98.90 
98.95 
96.63 
98.71 
97.88 
99.76 
97.50 
Volume 
of eluent 
(ml) 
70 
40 
40 
40 
40 
70 
50 
50 
Eluent used 
DMW 
O.IMNH4CI 
10%DMSO 
O.IMNH4CI 
O.IMNH4CI 
DMW 
O.IMNH4CI 
10%DMSO 
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Volume of NaOH Added/O.Sgm exchanger 
Figure 2.1 pH titration curve of Tin(iv) iodo tungstate 
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The effect of heating on ion exchange capacity of 
Stannic(IV)iodotungstate has been shown in TabIe-2.4. The 
stannic (IV)iodotungstate has the highest lEC when the material 
is dried at 60°C and this trend follows upto 500°C. Fig. 2.3 
shows thermogram of exchanger 10.21% weight loss at 82.48°C 
due to the removal of external water molecule. 4.36% weight loss 
at 430^C to 520°C, there is no change in weight loss observed on 
increasing the temperature above 520°C to 800°C. 
The X-ray diffraction pattern of tin (IV)iodotungstate in H ' 
from reveals the fact that the exchanger is amorphous Fig. 2.4. 
The FTIR study was performed at room temperature using 
KBr disc method. The FTIR spectrum Fig. 2.2. Shows the strong 
and broad band in the region 3600-2500 cm"' may be assigned to 
interstitial water molecule and OH group. 1855-1500 cm"' shows 
metal hydrides 1647 cm"' shows may be due to H-O-H bonding. 
The spectrum also shows band in region 883-780 cm' tungstate 
and covalently banded or coordinated iodate-103 shows 800-
700cm"' [18-19]. 
71 
In order to demonstrated the separation capability of the 
material a few binar>' separation of metal ions have been 
achieved. Only those separation have been tried which appear to 
be possible on the basis of Kd values. These separation can be 
utilized in the removal of particulars metal ions which may 
interfere in the determination of certain other metal ions. Copper 
should be removal prior to colorimeteric determination of 
mercury by dithizone [20]. 
Fig. 2.1 Stannic(IV)iodotungstate shows monofunctional 
behavior by pH titration. Its cation exchange capacity remains 
almost unaffected by drying the material upto 300°C. It is fairly 
stable in dilute solutions of mineral acids. On the basis of 
differences in Kd values of metal ions a few binary quantitative 
metal ion separations have been achieved utilizing the column of 
the exchanger. 
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Chapter - 3 
Synthesis, 
Characterization of 
Stannic(IV)iodoarsenate 
and its Use as an Electron 
Exchanger 
3.1 INTRODUCTION 
Synthesis of new inorganic ion exchangers is always of 
interest. Since they are specific in nature and can solve diverse 
problems of analytical chemistry and other fields [1-3]. 
The analytical applications of ion exchangers are 
important and new uses are being actively developed [4]. 
Oxidation is an important process in modern manufacturing 
industries. Electron exchangers are solid oxidation and 
reduction agents. As they are insoluble in the medium of 
oxidation and reduction, electron exchangers are readily 
separated from the substances in solution with which they 
have reacted and thus do not cause the interference which is 
unavoidable in common redox systems. Another advantage is 
that they are readily regenerated after the use. Many synthetic 
inorganic ion exchangers have been used as electron 
exchangers [5-11] and as redox ion exchangers [12-14]. 
The present work describes the preparation of a new 
electron ion exchanger Stannic(IV)iodoarsenate and its 
electron exchange behaviour. The determination of Iron (II), 
Antimony (III), hydrazine and hydroquinone have been 
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quantitatively achieved by their oxidation on the columns of 
Stannic(IV)iodoarsenate. 
3.2 Experimental 
3.2.1 Reagents and Chemicals 
Stannic(IV)chloride (Loba,Chemie), Potassium iodate 
(E.Merck, India) and Disodium hydrogen arsenate Na2HAs04. 
7H2O (Merck) used were for the synthesis of ion exchange 
material. All other chemicals and reagents were used of 
analytical reagent grade. 
3.2.2 Apparatus 
Elico (India) LI-10 Model pH meter was used for pH 
measurement. Spectrophotometry was done on a Bausch and 
Lomb-Spectronic-20 spectrophotometer. IR studies were done 
using an FTIR Nicolet SOX Model. Thermal analyzer was used 
for thermogram and X-ray differactometer was used for X-ray 
analysis. 
3.2.3 Synthesis of the ion exchange material 
Stannic(IV)iodoarsenate was synthesized by adding a 
mixture of O.IM potassium iodate and O.IM disodium 
hydrogen arsenate to O.IM stannic(lV)chloride in 2:1:1 
volume ratio (Table 3.1). The solution was continuously 
stirred to obtain a perfect precipitate The desired pH was 
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adjusted b\ adding dilute HCl or NaOH solution. Any 
alteration m the ratio of reagents either resulted in the 
disappearence of the precipitate or decreases in the yield was 
less. Therefore 2:1:1 volume ratio was chosen for synthesis. 
The precipitate so formed was allowed to settle down for 24 
hours at room temperature, washed several times with distilled 
water to remove excess reagents and finally filtered under 
suction. 
The gel was dried at 60+l°C in an oven. The dried 
material was immersed in distilled water to obtained small 
granules. The material was converted to H"^  form, by keeping 
in O.IM HNO3 solution for 24 hours. It was then washed with 
distilled water to remove excess acid and dried in an electric 
oven at 6 0 + r C . 
3.2.4 Ion exchange capacity 
The icn-exchange capacity of the material was 
determined by the column process. 1.0 gram of exchanger in 
H"^  form was packed into column with glass wool support. It 
was washed .vith distilled water to remove any excess of acid 
remained sticking to the particles. To elute H"^  ions, 250ml of 
l.OM solution of different uni and bivalent cations were 
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passed through the column maintaining the flow rate of 8-9 
drops/min. 
The amount of H"^  ions so liberated was determined 
titrimetrically using NaOH as titrant. 
3.2.5 pH Titration 
The pH titration of the exchanger material was carried 
out by the added salt method of Top and Pepper [15]. A 0.50g 
exchanger in H"*^  form was equilibrated with 50ml of 0.1 OM 
(NaCl-NaOH) solution for 24 hours. The pH of each solution 
was determined and plotted against meq of OH' ions, 
Table 3.5. 
3.2.6 Chemical Analysis 
For the determination of chemical composition of 
sample-SnIAs-4, 0.1 Ogm of the exchanger material was 
dissolved in hot concentrated HCl. The excess of hydrochloric 
acid evaporated and the solution was diluted to 100ml with 
demineralized water. Tin and iodate were determined 
spectrophotometrically using 8-hydroxyquinoline [16] and 
Pyrogallol [17] as colouring reagents, respectively. Arcenate 
content was determined titrimetrically by the potassium 
thiocynate methods [18]. 
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3.2.7 Chemical Stability 
A. 0.5 gram of exchanger material (SnIAs-4) was 
equilibrated with 50 ml of different acid solutions at room 
temperature for 24 hours with occasional shaking stannic and 
iodate released in the solution were determined using the 
method described earlier. [16,17] where as arcenate was 
determined titrimetrically by the potassium thiocynate method 
[18]. 
3.2.8 Thermal Treatment 
For thermal stability l.Og of sample of the exchanger 
were heated for 1 hour each at various temperature in a muffle 
furnance and the Na"^  ion exchange capacity was determined as 
usual by the column process. 
3.2.9 FTIR Analysis 
Intrared analysis of Tin(IV)iodoarsenate was done by 
Nicolet 50 X model. It was done at room temperature using 
KBr technique. 
3.2.10 Redox Studies 
Oxidation of some oxidisable ion and organic compounds 
processing lower redox potentials [19] than I0"3, have been 
carried out by batch process. Oxidation of Fe (ID. Sb (III), 
hydrazine and hydroquinone to their respecti\e higher 
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oxidation states were performed by taking weighed amount of 
exchanger (Igm). in stoppered conical flasks and shaking 
thoroughly with their solutions in a temperature controlled 
shaker for 4 hours. Sb (III) was determined idiometrically [20, 
p-319] and hydroquinone was determined by titrating with a 
standard solution of eerie sulphate (21,p-147,127,131), (22,p-
164) and hydrazine was determined by standard KBrOs 
solutions [23, p-524]. 
Before and after oxidation the amount taken initially 
minus the amount found finally gave the total amount by the 
exchanger. 
The result obtained are presented in Table- 3.7 to 3.10 
Rate of oxidation 
The rate of oxidation was determined by taking a 
weighed amount of exchanger in stoppered conical flasks and 
shaking thoroughly with the solution concerned in shaker 
After appropriate intervals of time, the contents of the flasks 
were filtered and oxidized species formed were determined 
The results are presented in Table - 3.6 and plotted in Figure 
3.5. 
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Results and Discussion 
Stannic(IV)iodoarsenate contains the species forming a 
redox couple. It can be used as ion exchanger as well as 
electron exchanger having good lEC and redox capacity. 
Table-3.1 describes the preparation and properties of the 
material sample SnIAs-4 was chosen for detailed studies 
owing to its higher yield and cbemical stability. The ion 
exchange capacity of sample No.I is 1.82meq/g but yield is 
4 1 % but sample No. 4 (SnIAs-4) have 1.64meq/g lEC, yield is 
92% therefore sample (SnIAs-4) select for detailed studies. 
Ion exchange capacity of (SnIAs-4) for different uni and 
bivalent cations are given in Table 3.2. The results show that 
the ion exchange capacity increases with decrease in hydrated 
ionic radii of the ingoing metal ion. 
The study of the chemical stability of the material in 
different dilute solution Tabie-3.3 reveals that the material is 
stable in neutral medium. Hence, this ion exchange material 
can be utilized for the separation of metal ions employing 
dilute mineral acids. The FTIR study performed at room 
temperature using KBr disc method. Fig. 3.2 shows IR 
spectrum of the material. A very strong peak in the 3402.9-
2438.51 cm'' region with a maximum at 3402cm"' represents 
the interstitial water, free water, and OH groups the strong 
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Table 3.2 lEC of Stannic(IV)iodoarsenate for various 
cations. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Cations 
Li* 
Na ' 
K* 
Mg^* 
Ca^* 
Sr^* 
Ba^* 
Hydra ted radii (A) 
10.0 
7.90 
5.30 
10.80 
9.60 
9.40 
8.80 
lEC (meq/g 
exchanger) 
1.02 
1.64 
2.24 
0.86 
1.28 
1.39 
2.70 
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Table -3.3 Effect of drying temperature on ion exchange 
capacity of stannic(IV)iodoarsenate. 
Tempera tu re "C 
60" 
100° 
200° 
300° 
400° 
500° 
600° 
700° 
Ion exchange capacity (meq/g) 
1.64 
1.50 
1.52 
1.47 
1.42 
1.35 
1.32 
1.30 
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Table - 3.4 Chemical stability of Stannic(IV)iodoarsenate 
in different solutions at 30 C 
Solution 
DMW 
IM HCl 
2M HCl 
IM HNO3 
2M HNO3 
2M H2SO4 
IM NaOH 
Amount released mg per 50m"* 
Sn 
0.00 
17.2 
32.6 
4.0 
7.54 
15.2 
10 3 
0.00 
8.26 
15.71 
8.20 
16.00 
4.00 
Dissolved completely 
As 
0.00 
14.6 
21.70 
6.70 
13.76 
20.26 
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Table 3.5 pH titration of Stannic(IV)iodoarsenate. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Volume of O.IM 
NaCI (ml) 
50.00 
45.00 
40.00 
35.00 
30.00 
25.00 
20.00 
15.00 
10.00 
5.00 
0.00 
Volume of O.IM 
NaOH (ml) 
0.00 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
pH value 
2.5 
3.0 
4.2 
6.3 
8.6 
9.7 
10.2 
10.5 
10.7 
10.7 
10.7 
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Table 3.6 Rate of oxidation of Fe(II) to Fe(III) Amount of 
Ferrous ion taken 1.0 meq. 
Time (minute) 
1 
5 
10 
20 
30 
40 
50 
60 
90 
120 
Amount 
(meq) 
of Fe(II) 
0.200 
0.340 
0.480 
0.578 
0.621 
0.68 
0.72 
0.74 
0.74 
0.74 
oxidized 
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Table-3.7 Oxidation of Fe(II) to Fe(III). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Amount of 
exchanger (g) 
0.500 
0.500 
0.500 
0.500 
0.500 
Amount of Fe(II) 
taken (meq) 
0.194 
0.388 
0.582 
0.776 
0.970 
Amount of Fe (III) 
found (meq) 
0.190 
0.381 
0.578 
0.771 
0.964 
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Table-3.8 Oxidation of Sb(III) to Sb (V). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Amount of 
exchanger (g) 
0.500 
0.500 
0.500 
0.500 
0.500 
Amount of Sb (III) 
taken (meq) 
0.196 
0.392 
0.588 
0.784 
0.980 
Amount Sb(V) 
found (meq) 
0.188 
0.384 
0.580 
0.776 
0.972 
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Table 3.9 Oxidation of Hydrazine to Ammonia. 
S.No. 
1. 
2. 
J . 
4. 
5. 
Amount of 
exchanger (g ) 
0.50 
0.50 
0.50 
0.50 
0.50 
Hydrazine taken 
(meq) 
0.225 
0.310 
0.405 
0.585 
0.675 
Ammonia found 
(meq) 
0.202 
0.300 
0.372 
0.520 
0.635 
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Table 3.10 Oxidation of Hydroquinone to Quinone. 
S.No. 
1. 
2. 
4. 
5. 
Amount of 
exchanger (g) 
0.50 
0.50 
0.50 
0.50 
0.50 
Hydroquinone 
(meq) 
0.30 
0.42 
0.54 
0.62 
0.72 
Quinone found 
(meq) 
0.250 
0.38 
0.42 
0.56 
0.67 
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Figure 3.1 - pH titration curve of Stannic(iV) iodoarsenate 
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Fig. 3.5 Rate of oxidation of Fe (II) to Fe(lll). 
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peak in the region 1629.87-1500cm'' is characteristic of 
interstitial water molecules. The third strong peak in the 
region 843.97cm may be due to arsenate AsOs "(24) and 
iodate is covalently bonded. The thermogram in Fig. 3.4 
shows three apparent breaks one at 160°C it is due to removal 
of water molecules and the other at 350°C to 700°C. There is 
small change in weight observed on increasing the 
temperature. Above 800°C the weight becomes almost constant 
owing to formation oxides. 
Fig. 3.4 the X-ray differaction pattern of stannic(IV) 
iodoarsenate in H"^  form revels the fact that exchanger is 
amorphous. 
Fig. 3.1 shows the pH titration curve its showing mono 
functional behavior of the exchanger. The capacity calculated 
from the plot is approximately double that of experimental 
value by column operation. It may be due to the fact that at 
high pH the ionization of weak ionogenic groups increases. 
The results show Table 3.7 to 3.10 that Stannic(IV) 
iodoarsenate has a remarkable oxidizing property. In this 
exchanger IO37I2 couple which is responsible for oxidation 
process. The electron exchange phenomenon depends on the 
oxidation potential of the various redox couples and only 
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reductants are oxidized by the exchanger. The Exchange: has 
been utilized for oxidation of Fe(II) and Sb(III), to their 
higher oxidation state and Hydrazine to Ammonia, 
Hydroquinone to Quinone, respectively, 
(i) C6H806=C6H606+2H^+2e-
(ii) N2H4+2H20+2e-=NH4(aq)+OH-
The results are summarized in tables 3.7 to 3.10. These 
results indicate that the oxidation js quantitatively achieved. 
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Chapter - 4 
Synthesis, 
Characterization and Ion-
Exchange Properties of 
Stannic(IV)iodosilicate: A 
New Cation Exchanger 
4.1 INTRODUCTION 
Although a large number of inorganic ion exchangers 
have been prepared and studied so far [1], there is sti'.I need to 
obtain a material which may have a good ion-exchange 
capacity, reproducible properties, stability and selec:ivity for 
a particular ions. These properties are important for a better 
utility of a material in separation science. 
Stannic(IV) based inorganic ion exchangers [2-6] 
generally possess a greater stability both chemical ani thermal 
as compared to the other materials of this class. 
The use of synthetic inorganic ion exchangers is 
successfully being developed for selective separation of metal 
ions and recovery of precious metals. New materials ire being 
synthesized [7-12] to solve such specific problems. 
There is a revived interest towards the ion exchange 
properties of silicates [13-15]. Desai and Baxi [.6] have 
synthesized tin silicate and studied their ion exchange 
properties. 
The present chapter reports the synthesis, characterization, 
chemical composition, chemical and thermal stabilr.es. ion 
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exchange properties md analytical application of 
Stannic(IV)iodosilicate as z new inorganic ion-exchanger. 
4.2 Experimental Section 
4.2.1 Reagents: 
Stannic(IV)chloride penta hydrate (Loba chemie, India) 
and Potassium iodate (E Merck) and sodium meta silicate 
NaiSiOs (Merck) were usei All other chemicals used were of 
analytical reagent grade. 
4.2.2 Apparatus: 
pH measurements were p>erformed using an Elico (India) 
LI-10 model pH meter. Spectronic -20 spectrophotometer. IR 
studies were made using on FTIR Nicolet SOX model and 
thermogram was run on thermial analyzer Perkin-Elmer TGA-7 
(USA). For equilibrium stLdies temperature controlled shaker 
(Elico) was used. 
4.2.3 Synthesis of the ion tichiange material: 
The material was SMthesized by adding a mixture of 
O.IM potassium iodate and J I M Sodium meta silicate to O.IM 
Stannic(IV)chloride s o l u m m 2:1:1 volume ratio with 
continuous stirred to obtair z p'Tecipitate. The pH was adjusted 
by adding dilute HCl c" >vaOH solution. The yield of 
stannic(IV)iodosilicate in c -e r mixing volume ratios was very 
M-: 
low. Therefore 2:1:1 volume ratio was cboseia for synthesis. 
The precipitate so formed was allowed to settle down for 24 
hours at room temperature, washed several times with distilled 
water to remove excess reagent and finalh under suction. The 
precipitate was dried at 40*^+1^0 in an oven 
The dried product was immersed in distilled water when it 
broke down easily into small granules. It was washed several 
times with distilled water and then dried in an air oven at 
40°±1°C. The material was converted in H^ form by treating 
with l.OM HNO3 solution for 24 hours. Then it was washed 
with distilled water to remove acid finally dried at 40°±1°C. 
4.2.4 Cation Exchange capacity: 
Ion exchange capacity for H^ ion was determined by 
taking stannic(IV)iodosilicate in H"^  frorn and eluting with 
l.OM sodium nitrate solution. Metal ions capacity was 
determined by shaking l.Ogm of the exchanger with 50ml 
O.IM aqueous solution of metal nitrate at 25'''C and titrating 
the metal ion left in the supernatant liquid. 
4.2.5 Chemical Stability: 
The chemical stability of stannic(IV):Ddosilicate (SnlSi-
4) was studied in different solvents. For thn purpose 0.5 gram 
of exchanger was shaken with 50ml of the appropriate solvent 
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for 6 hours at 25 C. The amount of silica released ii the 
supernatant liquid was determined by a standard calorinetric 
method.[17] 
4.2.6 Chemical Composition: 
For the determination of chemical composition o: the 
sample (SnlSi-4), 200mg of the exchanger material was 
dissolved in 100ml solution containing 15ml of sulfuric acid 
and 100ml HCl stannic in this sample was reduced by zinc 
powder and determined iodometrically [18]. For the 
determination of silicon a 200mg portion of the exchanger was 
heated in 200ml solution containing 100ml of HCl. Si'icon 
was precipitated as silicic acid. It was ignited in a platinum 
crucible and weighed as SiOi [19]. lodate was determined 
spectrophotometrically using pyrogallol [20]. 
4.2.7 pH Titration 
The pH titration of the exchanger material was carried 
out by added salt method. A 0.5g exchanger in H"^  form was 
equilibrated with 50ml of 0.1 OM (NaCl - NaOH) solutior for 
24 hours. The pH of each solution was determined and plc:red 
against meq of OH ions. Top and Pepper [21] 
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4.2.8 Heat treatment: 
To examine the effect of drying temperature on the ion-
exchange capacity. The material was heated at 60°, 100*^ , 200°, 
300°, 400° & 500°C, in muffle furnace for 1 hour and ion 
exchange capacity was determined. 
4.2.9 FTIR Analysis 
The FTIR analysis of stannic(IV)iodosilicate was done 
by Nicolet SOX model. It was done at room temperature using 
KBr disc method. 
4.2.10 Distribution Coefficient: 
The distribution coefficient for metal ion were 
determined by batch process. A 0.5g exchanger in the H"" form 
was equilibrated with 20 ml of 5x10'^ M metal nitrate solution 
in 250ml Erlenmeyer flask. The mixture was then shaken for 4 
hour in a shaker incubator to attain the equilibrium. 
The metal ion left in the supernatant liquid was 
determined by titrating against 0.005M EDTA solution [22]. 
4.2.11 Quantitative Separations 
Important Separations of metal ions were achieved on the 
columns of stannic(IV)iodosiIicate. The elution curves for 
each set of separations are shown in Fig. 4.5 to 4.8. For each 
separation, Ig of the exchanger (50—100 mesh size) in the 
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hydrogen form was taken in a column of i.d. 0.6 cm with glass 
wool support. The mixture of the metal ions solution was 
adsorbed on the exchanger beads. The exchange bed was 
washed with demineralized water. The all metal icns loaded 
were eluted with suitable reagent an collected n 10 cm 
fractions at the flow rate of 15 drop/min. The metal ions were 
then titrated against 0.002mol dm"^ EDTA solution [21]. 
Results and Discussion 
Table-4.1 describes the preparation of szmples of 
stannic(IV)iodosilicate. It has been observed thar the ion 
exchange capacity of sample -No. S-4 is higher as compared to 
samples obtained by mixing volume ratios. Therefore this 
sample has been chosen for detailed studies. Table-4.2 shows 
different uni and bivalent cation exchange capacity. The 
capacity of this materials has been found to be higher in 
comparison to the silicate materials studied so far. 
Table-4.3 shows the stability of stannic(IV)iodosilicate. 
It is highly stable in water and appreciable concentrations of 
sulfuric acid, nitric acid, hydrochloric acid. It is dissolved in 
4m NaOH solution. TabIe-4.5 and Figure-4.3 show 7.G.A. of 
Stannic(IV)iodosilicate. There results indicate that a weight 
loss of 10.534 % in the reason 52"C to 380^^C may be assigned 
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Table 4.2: I.E.G. of Stannic(IV)iodosilicate for various 
cation. 
S.No. 
1. 
2. 
J . 
4. 
5. 
Cations 
W 
Na' 
K^  
Mg^ ^ 
Ca^ ^ 
Ion exchange capacity 
meqg' dry exchanger 
1.72 
1.45 
0.83 
0.71 
0.94 
IK) 
Table 4.3: Chemical stability of Stannic(IV)iodosiIicate in 
different solution at 30 C 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Solation 
Distilled water 
IM HCl 
IM HO:-
IM H2SO4 
IM CHpCOOH 
IM NaOH 
2M NaOH 
Amount released mg p 
Tin 
0.00 
3.52 
0.54 
0.72 
0.00 
-
-
lodate 
0.00 
7.21 
0.62 
12.41 
0.00 
-
-
er 50 ml 
Silica 
0.00 
1.02 
0.427 
1.73 
0.00 
1.47 
2.36 
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Table 4.4 : Effect of drying temperature on lEC (meq/g) 
stannie(IV) iodosilicate. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
Temperature *C 
60 
100 
200 
400 
500 
600 
lEC (meq/g) 
1.45 
1.42 
0.84 
0.81 
0.73 
0.67 
i i : 
Table 4.5 pH titration of Stannic(IV)iodosilicate. 
S.No. 
1 
1. 
2. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Volume of O.IM 
NaCl (ml) 
50.00 
45.00 
40.00 
35.00 
30.00 
25.00 
20.00 
15.00 
10.00 
5.00 
0.00 
Volume of O.IM 
NaOH (ml) 
0.00 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
pH value 
2.00 
3.58 
6.35 
10.10 
10.82 
11.21 
11.40 
11.60 
11.65 
11.65 
11.65 
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Table - 4.6 Kd values of different metal ions at different 
pH values on stannic(IV)iodosilicate. 
C a t i o n s 
Ca^^ 
Mg'^ 
Sr^^ 
Ba^^ 
Cd'^ 
Zn^^ 
Ni^^ 
Cu^^ 
Mn^' 
Pb ' " 
Kd values 
In DMW 
0 
0 
25.50 
12.02 
126.41 
11.86 
0 
52.71 
15 . : 
27.31 
At pH=l 
2.4 
10.2 
153.4 
151.70 
470.31 
28.71 
6.53 
157.1 
43.74 
58.25 
At pH=2 
265 
120.22 
370.2 
297.3 
603.9 
70.22 
388.42 
403.6 
412.63 
250.27 
At pH=3 
325 
163.20 
672.20 
331.72 
774.1 
128.4 
681.62 
786.22 
504.80 
474.28 
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Table - 4.7 Quantitative separation of metal ions on column 
of stannic(IV)iodosilicate. 
S.No. 
1. 
2. 
3. 
4. 
Separat ion 
achieved 
Cd-^ 
Cu^^ 
Mg^^ 
Cd^^ 
Mg^^ 
Sr-^ 
Mg^^ 
Nr' 
Amount 
loded 
187.0 
170.2 
64.0 
187 
64.0 
123.0 
64.0 
180 
Amount 
found 
182.0 
166.4 
63.20 
184.1 
62.6 
122.1 
62.5 
178.6 
% recovery 
97 .32% 
97.76% 
98 .75% 
98 .39% 
9 7 . 8 1 % 
99.2% 
97 6 5 % 
99.22% 
Volume 
eluent 
(ml) 
60 
90 
70 
50 
70 
40 
70 
80 
Eluent used 
O.IM HNO3 
l.OM HNO3 
0.05M NH4NO3 
O.IM HNO3 
0.4%NH4NO3 
3%NH4C1+ 
O.IM HNO3 
0.5M NH4NO3 
IM HNO3 
\\5 
PH 
Volume of NaOH Added/O.Sgm exchanger 
Figure 4.1 - pH titration curve of Stannic(IV) iodosilicate 
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Fig. 4.5 Separation of Cd^^ from Cu^^ 
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3% NH^CI + 0.1 NHO3 
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Volume of effuent (ml) 
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Fig. 4.7 Separation of Mg*^ from Sr^ ^ 
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Fig. 4.8 Separation of Mg from Nl 
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due to the loss of structural water molecules. Further the 
continuous loss in ion exchange capacity in this temperature 
range also supports this conclusion. A further weight loss 
nearly 2 1 % in the temperature range 382 C to nearly 660°C 
indicates the conversion to oxides and after 660*^C the weight 
loss becomes nearly constant. 52 C to 382-71^C, 10.534% 
weight loss and 21.295% weight loss from 380'-'C to 796.26°C, 
the weight loss in the region 50°C to 380°C may be assigned to 
the loss of structural water molecules due to condensation of 
OH groups. The continuous loss in ion exchange capacity in 
the temperature range also support this conclusion. The weight 
becomes constant after 660*^C due to the formation of stable 
oxide and the capacity reduced. 
The FTIR study performed at room temperature using 
KBr disc method Fig - 4.2. The FTIR spectrum of the material 
shows bonds at 3409, 2925, 1627.51, 1458.11, 1090.11, 
956.98, 666.66 cm"' regions. 
Bands at 3409.97cm'', 2925cm"' may be assigned to 
water molecule and a band around 1627.51cm"' can be 
attributed to H-O-H bending band. Band at 3409cm"' shows 
very strong and very broad 0-H stretching band. 
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In the spectrum of the exchanger the band around 
956.98cm'' region can be attributed to Si-0 stretching 
frequency. In the spectrum the band around 763cm" is due to 
IO3' and at 666 cm"^  can be attributed to Sn-O-Sn bridging 
system [23]. 
Fig-4.4 The X-ray diffraction pattern of stannic(IV) 
iodosilicate in H* form reveals the fact that the exchanger is 
amorphous. 
The distribution coefficient values given in table 4.6 
suggest the exchanger stannic(IV)iodosilicate to be selective 
for Cu^^, Cd^^. This substance may provide a good method for 
separation of Cu or Cd from other metal ions. The Kd 
values are in order of Cu^^> Cd^^> Ni^^> Sr^^> Mn^^> Pb^^> 
Ba^^> Ca'^ ^> Mg'^> Zn^^ in O.OIM HNO3. Some quantitative 
separations were achieved on a column of stannic 
(IV)iodosilicate. The order and the eluents are presented in 
Figs - 4.5 to 4 8. These results suggest stannic(IV) iodosilicate 
a useful material for separation of metal ions. 
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Chapter - 5 
Synthesis, 
Characterization and Ion 
Exchange Behaviour of 
Stannic(IV)iodate 
INTRODUCTION 
Synthetic inorganic ion-exchangers are receiving increasing 
attention owing to their selective separation of metal ions and 
recovery of precious metals. New materials have been 
synthesized [1-4] to solve such specific problems. Numerous new 
materials have been reported and older ion exchanger materials 
have been studied in greater detail. Various type of inorganic 
ion-exchanger have been reviewed by Amphlett [5] , Perarek and 
Veseley [6&7] and Walton [8]. The attention has also been paid 
towards heteropoly acid salts. 
The stannic based ion exchangers as follows Stannic(IV): 
Phosphate [9-10], arsenate [11-13], antimonite [14-15] 
molybdate [16] , tungstate [17], silicate [18], selenite [19], 
ferrocynide [20] , vanadate [21]. Others have been studied. So far 
no such studies have been reported on stannic(IV)iodate. The 
present paper reports the synthesis, chemical composition, 
chemical and thermal stabilities and ion exchange properties of 
stannic(IV)iodate. The material shows high exchange capacity 
and is more stable at high temperatures than other stannic based 
ion exchanger. It was, therefore, decided to synthesize this 
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material and to study its ion-exchange behavior. Kd values are 
determined for some common metal ions and selectivity for lead 
is utilized for its separation. 
5.2 EXPERIMENTAL 
5.2.1 Reagents and Chemicals 
Stannic(IV)chloride (LOBA CHEMIE), and Potassium 
iodate (E. Merck India) were used for the synthesis of ion 
exchanger materials. All other chemicals and reagents used were 
of analytical reagent grade. 
5.2.2 Apparatus 
Elico (India) LI-10 model pH meter was used for pH 
measurement. Spectrophotometry was done on a Bausch and 
Lomb-Spectronic-20 spectrophotometer. IR study was made 
using an FTIR Nicolet 50 X model. 
5.2.3 Synthesis of the ion exchange material 
The material was synthesized by adding a mixture of O.IM 
stannic chloride and O.IM. Potassium iodate to solution with 
continuous stirring to obtain a precipitate. The desired pH was 
adjusted by adding dilute HCl or NaOH solution. The precipitate 
so formed was allowed to settle down for 24 hours at room 
I.^O 
temperature, washed several times with distilled water to remove 
excess reagents and finally filtered under suction. The 
precipitate was dried at 40+1 C in an oven. The dried material 
was then treated with distilled water to break down into small 
part icles. The material was converted in H form by treating with 
1.0 M HNO3 solution for 24 hours. It was then washed with 
distilled water to remove excess acid and finally dried at room 
temperature. 
5.2.4 Ion exchange capaci ty ( lEC) 
The ion-exchange capacity of the material was determined 
by the column process. A 0.50 gram exchanger in H form was 
packed into column with glass wool support. It was washed with 
distilled water to remove any excess of acid remained sticking to 
the particles. To elute H^ ions, 250.0 ml of l.OM solution of 
different uni and bivalent cations were passed through the 
column maintaining the flow rate of 8 - 9. drops/min. The 
amount of H ion liberated so was determined titrimetrically 
using NaOH as titrant. 
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5.2.5 pH titration 
The pH titration of the exchange material was earned out 
by the added salt method of Topp and Pepper [22]. In which 
0.50g exchanger in H^ form was equilibrated with 50ml of 0.10 
molL'' (NaCl-NaOH) solution for 24 hours. The pH of each 
solution was measured and plotted against the milliequivalents of 
OH" ions. 
5.2.6 Chemical Analysis 
For the determination of chemical composition of the 
sample SI-3 O.lOgm of the exchanger material was dissolved in 
hot concentrated HCl. The excess of hydrochloric acid was 
evaporated and the solution was diluted to 100ml with 
demineralized water. Tin and iodate were determined 
spectrophotometrically using 8-hudroxyquinoline [23] and 
Pyrogallol [24] as colouring reagents, respectively. 
5.2.7 Chemical Stability 
A 0.5 gram of exchanger material (SI-3) was equilibrated 
with 50ml of different acid solutions at room temperature for 24 
h with occasional shaking. Stannic and iodate released in the 
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solution were determined by using the method described earlier 
[23 & 24]. 
5.2.8 Thermal Treatment 
For thermal stability l.Og of samples of the exchanger were 
heated for Ih each at various temperature in a muffle furnance 
and the Na* lEC was determined as usual by the column process. 
5.2.9 Infra-red Analysis 
Infrared analysis of Staiinic(IV)iodate was performed at 
room temperature using KBr technique. 
5.2.10 Distribution coefficient 
For studying the distribution coefficient of some metal ions 
250mg of the exchanger beads in the H^ form was equilibrated 
with 25ml of the solution whose metal ion concentration was 
adjusted to 3% of the total ion exchange capacity of the material. 
After equilibrating at 25 ± 1 C for 6 h with occasional 
shaking, the solution were then withdrawn and titrated against 
standard EDTA solution [25]. The results are summarized in 
table -5.The distribution coefficient values are calculated using 
the relation, 
I -F V 
F A 
where, 
I = Initial amount of the metal ion in the solution phase. 
F= Final amount of the metal ion in the solution phase. 
V= Volume of the solution in ml 
A= Amount of the exchanger (gm) 
5.2.11 Separation of metal ions 
Quantitative separation of metal ions was achieved on a 
glass column (height 50 cm, i.d. 0.6cm) packed with 2gm (50-
100 mesh) exchanger in H^ from. A metal ion mixture was 
transferred into the exchanger column and the flow rate was 
maintained Iml/min throughout the elution process. 
Results and Discussion 
Table 5.1 describes the preparation and properties of ion 
exchange material. Sample SI-3 was chosen for detailed studies 
Stannic(lV)iodate appears to be a promising ion exchange 
material with good ion exchange capacity and stability. Table 5.1 
shows the ion exchange capacity was measured with different uni 
and bivalent metal ions. These results indicate that ion exchange 
selectivity of the material is different for different cations. The 
lEC in meq/g dry exchanger for various metal ions follows the 
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Table - 5.1 Synthesis and Properties of Stannic(IV)iodate. 
Sample 
No. 
SI-1 
SI-2 
SI-3* 
SI-4 
SI-5 
Condition of synthesis 
Molar concentration 
Stannic(rVO 
chloride 
0.10 
0.10 
0.10 
0.10 
0.10 
Potassium 
iodate 
0.10 
0.10 
0.10 
0.10 
0.10 
Mixing 
volume 
ratio v/v 
1:1 
1:2 
2:1 
1:3 
3:1 
pH 
lEC for 
Na^ ion 
(meq/g) 
1.02 
0.87 
1.22 
0.65 
0.41 
Appearance 
ofbeads 
after drying 
at 
40'±l"C 
Whitish 
Whitish 
Yellowish 
Yellowish 
Whitish 
* Selected for detailed studies. 
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Table-5.2 Ion exchange capacity (meq/g) of Stannic (IV)iodate 
for various cations. 
S. No. 
1. 
2. 
3. 
4. 
5. 
Cations 
L f 
Na" 
K' 
Mg--
Ca^-
Hydrated ionic 
radius (A) 
10.00 
7.90 
5.30 
10.80 
9.40 
Exchange 
capacity 
(meq/g) 
1.36 
1.22 
0.82 
1.14 
0.90 
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TabIe-5.3:Cheniical Stability of Stannic(IV)iodate in different 
solutions. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6 
Solution 
H2O 
O.IM HNO3 
IM HNO3 
O.IM HCl 
O.IM H2SO4 
IM H2SO4 
Stannic released 
mg/50ml 
0 00 
0.12 
0 26 
0 92 
0 31 
0 64 
lodate released 
mg/SOml 
0.00 
0.08 
0.14 
0.63 
1.2 
3.6 
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Table- 5.4 : Effect of drying t e m p e r a t u r e on the ion exchange 
capaci ty of s tannic( IV) iodate . 
Tempera ture C 
60 
100 
200 
300 
400 
500 
Ion exchange capacity (meq/g) 
1.22 
1.15 
0.92 
0.70 
0.23 
0.16 
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Table 5.5 pH titration of stannic(IV)iodate. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Volume of O.IM 
NaCI (ml) 
50.00 
45.00 
40.00 
35.00 
30.00 
25.00 
20.00 
15.00 
10.00 
5.00 
0.00 
Volume of O.IM 
NaOH (ml) 
0.00 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
pH value 
2.10 
3.20 
5.40 
6.80 
8.50 
9.50 
1.80 
11.2 
11.2 
11.2 
11.2 
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Table 5.6 Kd values of different metal ions on Tin(IV)iodate. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Metal ion 
Ba^-
Ca^* 
Co'' 
Cu^' 
Fe^ ^ 
Mn'^ 
Pb^^ 
Zr^ ^ 
Cr^^ 
Al^' 
Ni^* 
D.M.W. 
25.0 
7.0 
16.0 
12.2 
52.1 
70.8 
351.4 
15.2 
10.2 
1.1 
5.4 
12.0 
O.OIM HNO3 
20 
3.0 
7.3 
6.2 
35.7 
32.9 
105.2 
2.1 
2.0 
1.5 
2.8 
4.0 
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Volume of NaOH Added/O.Sgm exchanger 
Figure 5.1 pH titration curve of stannic (IV) iodate 
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order Li^>Na' > Mg"^> Ca^> K^. The pH titration curve of SI-3 
performed in NaCl NaOH system shows one inflextion point 
indicating that the exchanger is monofunctional. 
The heating effect on the ion exchanger capacity, the 
material was heated at 60, 100, 200, 300, 400, 500, 600°C and 
ion exchange capacity for Na+ was found to be 1.22, 1.15, 0.92, 
0.70, 0.23, 0.16 meq g' dry exchanger respectively. These 
observation reveal that lEC decrease with increasing 
temperature. 
The material was found to be stable in low concentration 
mineral acids such as HCl, H2SO4 and HNO3. The ion exchanger 
completely dissolved in 2M NaOH solution. 
The chemical composition of material in molar ratio of 
Stannic and iodate was found 3:1. The FTIR studies were 
performed at room temperature using KBr disc method. A very 
strong peak was observed in the region 3401.87-1620.62 which 
may be due to the characteristics band of interstitial water, free 
water and OH groups. Another peak in the region of 1620.62cm"' 
in the characteristic of H-OH banding vibration. The two peaks 
appearing at 766 and 541.98 cm" due to IO3 and stannic [25]. 
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The exchange characteristic of stannic(IV)iodate for a 
number of metal ions have been described Table 5. In terms of 
Kd values on the basis of distribution studies indicate that the 
material is selective for Pb(II) in comparison to other metal ions. 
This behavior can be useful for the separation of Pb(II) from 
other metal ions. 
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